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DOOR\VLQDXWRPRWLYHFUHDWHVWKHQHHGIRUDGHHSHUXQGHUVWDQGLQJRIWKHLUPHFKDQLFDOEHKDYLRXUDQGWKHLPSDFWVRI
SURFHVVLQJ IDFWRUV$EX (,$LQL HW DO  0UZ˴ଉND±1RZRWQLN HW DO  .DXIIPDQ HW DO  :KLOH
GHVLJQLQJFDVWDXWRPRWLYHSDUWVLWLVLPSRUWDQWWRKDYHDWKRURXJKXQGHUVWDQGLQJRIVROLGLILFDWLRQVDWGLIIHUHQWFURVV
VHFWLRQVRIWKHFDVWSDUWDQGLWVLQIOXHQFHRQWKHPHFKDQLFDOSURSHUWLHV7KLVZLOOHQVXUHWKDWWKHFDVWLQJZLOODFKLHYH
WKH GHVLUHG SURSHUWLHV IRU LWV SURSRVHG DSSOLFDWLRQ /L HW DO  6KDEHVWDUL HW DO  3URGXFWV OLNH FDVW
DOXPLQLXPDOOR\ZKHHOVDUHJHQHUDOO\PDQXIDFWXUHGZLWKYDULRXVZKHHOKXEGLDPHWHUV1RVWXGLHVWLOOQRZUHSRUWWKH
HIIHFW RI GLDPHWHU RQ PHFKDQLFDO SURSHUWLHV &RROLQJ UDWH WKH PRVW LPSRUWDQW SDUDPHWHU LQIOXHQFLQJ FDVWLQJ
PHFKDQLFDOSURSHUWLHVLVQHYHUGLUHFWO\PHDVXUHGH[FHSWIRUVRPHFDVHVZKHQWKHUPRFRXSOHVDUHLQWURGXFHGLQVLGH
FDVWLQJ /HH HW DO  &DFHUHV HW DO  7KLV VWXG\ LQYHVWLJDWHV KRZ WKH FRROLQJ UDWH DQG PHFKDQLFDO
SURSHUWLHVDUHYDU\LQJZLWKYDU\LQJFDVWVHFWLRQVL]H
 ([SHULPHQWDOPHWKRG
,Q WKLV VWXG\ JUHHQ VDQG LV VHOHFWHG DV PROG PDWHULDO DQG $ DOXPLQLXP LV VHOHFWHG DV FDVW PDWHULDO
([SHULPHQWDODSSDUDWXVFRQVLVWLQJPDLQO\RIIRXUPROGVZLWKPROGFDYLWLHVRIYDU\LQJGLDPHWHU)LJ  VKRZVD.
W\SH WKHUPRFRXSOH XVHG WRPHDVXUH WKH WHPSHUDWXUHGXULQJ VROLGLILFDWLRQ 7KHUPRFRXSOH WLS LV SODFHGPPDZD\
IURPPROGFDYLW\LQRUGHUWRDYRLGPHOWLQJZKLOHFRQWDFWZLWKPROWHQPHWDO
)LJ.W\SHWKHUPRFRXSOHLQVHUWHGLQ WRVDQG PRXOG IRUPHDVXULQJWHPSHUDWXUH
([SHULPHQWVZHUHFRQGXFWHGE\FDVWLQJRIIRXUFRPSRQHQWVZLWKYDU\LQJVHFWLRQVL]HVRI PPPPPP
PP )RXU PRXOGV ZHUH SUHSDUHG ZLWK YDU\LQJ PRXOG FDYLW\ $OXPLQLXP DOOR\ $ LV PHOWHG XVLQJ PXIIOH
IXUQDFHDQGSRXUHGLQWRWKH PRXOGV7HPSHUDWXUHLVPRQLWRUHG XQWLOWKHUPRFRXSOHVKRZDGHFUHDVHLQWHPSHUDWXUH
DIWHUDQLQLWLDOLQFUHDVHLQWHPSHUDWXUH &RROLQJFXUYHVIRUDOO H[SHULPHQWV ZHUHGUDZQDQGYDULDWLRQLQFRROLQJUDWHV
ZLWKYDU\LQJVHFWLRQVL]HZHUHDQDO\VHG 0LFURVWUXFWXUHDQGPHFKDQLFDOSURSHUWLHVLPSDFWVWUHQJWKXOWLPDWHWHQVLOH
VWUHVV KDUGQHVVZHUH DQDO\VHG LQ RUGHU WR LQYHVWLJDWH KRZ FRROLQJ UDWH HIIHFWV RQPLFURVWUXFWXUH DQGPHFKDQLFDO
SURSHUWLHVRIFDVWFRPSRQHQWVZLWKYDU\LQJVHFWLRQVL]H
 7HVWLQJ
0LFURVWUXFWXUDO DQDO\VLV LV SHUIRUPHG XVLQJ DQ ,QYHUWHF PHWDOOXUJLFDO PLFURVFRSH 6SHFLPHQ LV SUHSDUHG E\
HWFKLQJZLWKGLOXWHGK\GURIOXRULFDFLGDIWHUSROLVKLQJRQGLVFSROLVKHU,PSDFWWHVWVERWK,]RGWHVWDQG&KDUS\WHVW
ZHUH SHUIRUPHG XVLQJ ,PSDFW WHVWPDFKLQHPRGHO ,7 6SHFLPHQV ZHUH SUHSDUHG WR$670 VWDQGDUG (&
PPPPPPIRU,]RGWHVWDQGPPPPPPIRU&KDUS\WHVW)LJ  VKRZV,]RGWHVWDQG&KDUS\WHVW
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VSHFLPHQV 7HQVLOH 7HVW LV SHUIRUPHG RQ 8QLYHUVDO 7HQVLOH 7HVWLQJ HTXLSPHQW E\ VHWWLQJ D ORDG RI 1
6SHFLPHQVZHUHSUHSDUHGWR$670VWDQGDUG(0ZLWKDJDJHOHQJWKRIPPDQGJDJHGLDPHWHURIPP)LJ 
VKRZVVSHFLPHQVSUHSDUHGIRUWHQVLOHWHVWLQJ0LFURKDUGQHVVLVPHDVXUHGXVLQJ9LFNHUVKDUGQHVVWHVWHUZLWKDORDG
RINJIIRUVHFRQGV

)LJ,]RGWHVWDQG&KDUS\WHVWVSHFLPHQV
)LJ 6SHFLPHQVSUHSDUHGIRUWHQVLOHWHVWLQJ
 5HVXOWVDQGGLVFXVVLRQ
 ([SHULPHQWDOUHVXOWVIRUFRROLQJUDWH
)LJVKRZV WKHFKDQJHVLQWHPSHUDWXUHDQGLWFDQEHREVHUYHGWKDWWHPSHUDWXUHLQLWLDOO\LQFUHDVHVWKHQGHFUHDVHV
DIWHUDSHULRGRIWLPH)XUWKHULWFDQ EHQRWHGWKDW WKHSHDNWHPSHUDWXUHIRUPPPPPPPPVHFWLRQV
DUH & &&&UHVSHFWLYHO\ ,W LV DOVR REVHUYHG WKDW WLPH  WDNHQ WR GHFUHDVH LQ WHPSHUDWXUH IRU
PPPPPPPPVHFWLRQVDUHPLQXWHVPLQXWHVPLQXWHV PLQXWHVUHVSHFWLYHO\&RROLQJUDWHV
DUHPHDVXUHGIURPWKHJUDSKDQGIRXQGWREH&PLQXWH&PLQXWH&PLQXWHDQG&PLQXWHIRUPPPP
PPDQGPPVHFWLRQVUHVSHFWLYHO\+HQFHLWFDQEHLQIHUUHGWKDW LQFUHDVLQJWKHVHFWLRQVL]HOHDGWRUHGXFWLRQRI
FRROLQJUDWHRULQFUHDVHLQVROLGLILFDWLRQWLPH
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)LJ&RROLQJ&XUYHVRIFDVWFRPSRQHQWVZLWKYDU\LQJVHFWLRQVL]H
 ([SHULPHQWDOUHVXOWVIRUPLFURVWUXFWXUHHYDOXDWLRQ
)LJ  VKRZV WKHFKDQJHVLQPLFURVWUXFWXUH RIWKHFDVWVSHFLPHQV ZLWKYDULDWLRQLQVHFWLRQVL]H0HDVXUHPHQWRI
JUDLQVL]HXVLQJPHWDOYLVLRQVRIWZDUH DOVRVKRZQYDULDWLRQ LQJUDLQVL]HZLWKYDULDWLRQ LQVHFWLRQVL]H*UDLQVL]H
REVHUYHG IRU PP PP PP PP VHFWLRQV DUH PLFURQV PLFURQV PLFURQV PLFURQV
UHVSHFWLYHO\ ,W LV IRXQG WKDW KLJK FRROLQJ UDWH RU VKRUW VROLGLILFDWLRQ WLPH OHDG WR IRUPDWLRQ RI PRUH UHILQHG
PLFURVWUXFWXUHDQG ODUJHVROLGLILFDWLRQWLPHOHDGWRHQODUJHPHQWRIJUDLQ
D E
E G
)LJ 0LFURVWUXFWXUHRIVDQGFDVWVSHFLPHQVZLWKYDU\LQJVHFWLRQVL]HDPP EPP FPP GPP
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 ([SHULPHQWDOUHVXOWVIRULPSDFWWHVWLQJ
)LJ  VKRZV LPSDFW VWUHQJWKYDULDWLRQZLWK VHFWLRQ VL]H DQG)LJ  VKRZV HQHUJ\ ORVV LQ LPSDFW WHVW ,PSDFW
VWUHQJWK LQ &KDUS\ WHVW LV IRXQG  .-P .-P .-P  .-P IRU PP PP PP
PPVL]HKDYLQJVHFWLRQVDQG,PSDFWVWUHQJWKLQ,]RGWHVWLVIRXQG.-P.-P.-P
.-P IRUWKHVDPHVHFWLRQUHVSHFWLYHO\(QHUJ\ORVVIRXQGLQ&KDUS\WHVWLV----DQG,]RGWHVW
LV - - - - IRU PP PP PP PP VL]H KDYLQJ VHFWLRQV UHVSHFWLYHO\ $Q LQFUHDVH LQ
LPSDFWVWUHQJWKLV REVHUYHG E\ UHGXFLQJVHFWLRQVL]H7KLVLV GXHWRIRUPDWLRQRIUHILQHGJUDLQV LQVPDOOVHFWLRQV DQG
UHILQHGJUDLQFDQEHDFKLHYHGE\IDVW FRROLQJ
)LJ,PSDFWVWUHQJWKRIFDVWFRPSRQHQWV
)LJ  (QHUJ\ORVVLQLPSDFWWHVW
 ([SHULPHQWDOUHVXOWVIRUWHQVLOHWHVWLQJ
)LJ  VKRZV 8OWLPDWHWHQVLOHVWUHVVRIDOOFDVW VHFWLRQV 8OWLPDWH7HQVLOHVWUHVVLV IRXQG03D03D
03D 03D IRU PP PP PP PP VL]H KDYLQJ VHFWLRQV UHVSHFWLYHO\ ,W LV IRXQG WKDW 8OWLPDWH
7HQVLOHVWUHVVLV LQFUHDVHGE\UHGXFWLRQLQFDVWFRPSRQHQWVHFWLRQVL]H7KHLQFUHDVHLQXOWLPDWHWHQVLOHVWUHVVLV GXH
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WRJUDLQUHILQHPHQW 6RXOWLPDWHWHQVLOHVWUHVVFDQ EHLPSURYHGE\IDVWFRROLQJ
)LJ8OWLPDWH7HQVLOH6WUHVVRIFDVWFRPSRQHQW
 ([SHULPHQWDOUHVXOWVIRUKDUGQHVVWHVWLQJ
)LJ  VKRZV 0LFUR KDUGQHVVRI DOO VHFWLRQV0LFURKDUGQHVV LV IRXQG+9+9+9+9 IRU
PPPPPPDQGPPVL]HKDYLQJVHFWLRQV UHVSHFWLYHO\)URP WKHDERYHREVHUYDWLRQ LW KDV IRXQG WKDW
0LFUR KDUGQHVV RI FDVW FRPSRQHQWV LQFUHDVHG E\ UHGXFWLRQ LQ VHFWLRQ VL]H 0LFUR KDUGQHVV LV LPSURYHG GXH WR
UHILQHPHQWRIJUDLQVL]H ZKLFK FDQDFKLHYHE\IDVWFRROLQJ
)LJ0LFURKDUGQHVVRIFDVWFRPSRQHQWV
 &RQFOXVLRQV
&DVWFRPSRQHQWRIPPVHFWLRQVL]HWDNHPLQXWHVWRVWDUWVROLGLILFDWLRQDQGFDVWFRPSRQHQWRIPPWDNH
PLQXWHV WRVWDUWVROLGLILFDWLRQ 0HFKDQLFDOSURSHUWLHV VXFKDV LPSDFWVWUHQJWK IURP.-P WR.-P
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8OWLPDWH7HQVLOH6WUHVV IURP03D WR03D0LFUR KDUGQHVV IURP+9 WR+9 ZHUH LQFUHDVHG E\
GHFUHDVLQJVHFWLRQVL]HIURPPPWRPPWKLVLV GXHWRJUDLQUHILQHPHQW *UDLQUHILQHPHQWFDQEHDFKLHYHGE\
LQFUHDVLQJFRROLQJUDWH RUORZHUVROLGLILFDWLRQWLPH &RROLQJUDWH DQG0HFKDQLFDOSURSHUWLHV KDYHVLJQLILFDQWLPSDFW
RQ FDVW FRPSRQHQW VHFWLRQ VL]HV DQG LW ZDV REVHUYHG WKDW FRROLQJ UDWH DQGPHFKDQLFDO SURSHUWLHV LQFUHDVHV ZLWK
GHFUHDVLQJFDVWFRPSRQHQWVHFWLRQVL]H
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